New European Directive 2006/7/EC concerning the management of bathing water quality introduces the concept of 'active management of bathing water sanitary quality' which could lead to a temporary bathing prohibition in case of short term pollution. For the last three bathing seasons, Veolia has carried out in experimental mode this 'active management' concept at more than one hundred bathing sites with various characteristics. Results confirm the high level of microbiological pollution observed in sewer overflows during rainy periods, which is the main cause of bathing water quality deterioration. An on-line treatment solution has been successfully tested. This solution may be used in dense urban areas.
Introduction
The new European directive concerning the management of bathing water quality (Directive 2006 /7/EC of 15 February 2006 introduces certain major evolutions, including: † more stringent classification rules for bathing areas; † an increased desire to inform beach users; † the principle of 'management measures' related to localized deteriorations of bathing water quality, which may lead to localized bathing prohibition measures. The European directive recommends or suggests certain technical tools by way of due diligence: † bathing water profile: inventory of pollution sources and criticity; † monitor pollution sources recognized as most critical (permanent instrumentation, water precipitation measurement, remote management, regular monitoring); † regular (daily) assessment of bathing water degradation risk, taking into account the background information available via the monitoring system. Thus, this new regulation requires the pursuit of the effort aimed at eradicating chronic pollution sources already undertaken in the last few years in France and Europe, notably through the performance improvement of sewage systems during dry weather. These provisions introduce a minimum control level for transient pollution incidents (accidental or in rainy weather) by quantifying them in the bathing water profile and, if required, instrumentation measurements (using remote management) of the most critical sources. This paper will exclusively focus on the impact of sewer overflows on the sanitary quality of bathing water during rainy periods. This is one of the major challenges of this future directive.
Bathing water profile and active management
Veolia initiated an 'active management' approach in the summer of 2003, initially on five pilot sites. This approach was progressively extended during the following bathing seasons, reaching over 130 sites in the summer of 2006, including the first inland beaches (Figure 1 ).
For the vast majority of beaches concerned, this approach focuses on the following aspects. † The prior identification of potential pollution sources, with sampling campaigns in dry weather and rainy weather in the main overflow points of the sewage systems. † Instrumentation / monitoring of the pollution sources deemed most critical with regard to the sanitary quality of bathing water. † Daily monitoring of the sanitary quality of bathing sites during the bathing season.
Initially based on an analytical approach, as suggested by the improved knowledge of the beach environment, this monitoring process tends to focus on risk assessment, taking into account the hydro-meteorological parameters of the past 48 hours. Analytical monitoring is only launched in the case of confirmed risk. † Assessment of the monitoring system at the end of each bathing season, including the understanding of relationships between the deterioration of the bathing water quality and prior 'events' on the beach vicinity or on their catchments area. This approach was implemented on sites with very different characteristics in terms of: † urban density: as well as beaches located in cities with over 50,000 inhabitants in the summer ( Figure 1 ), this approach also applies to seaside resorts in which the population does not exceed 5,000 inhabitants in the summer (Sainte-Marguerite or Pourville, near Dieppe); † maritime aspect: this approach was implemented on all French seaboards: the Channel, the Atlantic and the Mediterranean coast; † nature of the networks: combined (Boulogne-sur-Mer, Brest) or separate (Dieppe, Le Touquet, Deauville, all Mediterranean sites).
The dominant feature of all these experiments lies in the extreme sensitivity of bathing water quality to rainy periods, which is the number one cause of the temporary ban on bathing.
Microbiological pollution in sewer overflows during rainy periods
On numerous sites mentioned in Figure 1 , several sampling campaigns were carried out during rainy periods at the outlets of the main overflow points of the combined sewage 
44
(Boulogne, St Malo) or storm drainage system (Dieppe, Deauville, Le Touquet). These campaigns are in line with the definition phase of the bathing water profile and aim at assessing, in rainy conditions, the microbiological pollution flow discharged into the coastal environment in the immediate vicinity of the beaches. It also aims at comparing this flow with that observed in dry weather configurations (overflow significance and location).
The results of this campaign are shown in Figure 2 for the rainfall of 08/29/2003 in Dieppe. Total rain was 10 mm over 2 hours; without strong intensity. Figure 2 leads to the following comments. † On the conurbation scale, the microbiological flow discharged into the natural environment during rainy periods is equivalent to 200 m 3 of raw wastewater, which is equivalent to a complete by-pass of the wastewater treatment plant of roughly 1hr30 in dry weather. † During rainy periods, the two coastal rivers (Arques and Scie) located in the immediate vicinity of the Dieppe beaches represent 25 to 30% of the microbiological pollution flow discharged into the sea. † Two stormwater pipes flowing into the Arques bear roughly 70% of the microbiological pollution discharged into the receiving water during rainy periods, while the wastewater treatment plant, equipped with tertiary treatment equipment (medium pressure U.V.) bears 0.3% of the microbiological flow discharged (negligible portion). † Other stormwater pipes directly discharging into the beaches also constitute pollution sources (respectively 0.1% and 2%). While these outlets are not the main pollution carriers, their direct discharge into bathing sites makes them 'critical points'. With regard to microbiological flow concentrations, the following points should be noted. † One of the stormwater outlets directly discharging into the beach drains a car park of roughly 1,000 m 2 . For this drain, the complete absence of wastewater discharge was verified. Concentrations of around 10 4 to 2 £ 10 4 E. coli /100 ml were however observed during rainy periods. This rough estimate is similar to that usually provided in the literature for sewer overflows during rainy periods, in a strictly separate context (e.g. Ellis, 1986) . † For the two main stormwater pipes, concentrations of 5 or sometimes 6 log units in E. coli were regularly observed. Similar observations were made in Le Touquet in the Figure 2 Significance and location of microbiological pollution discharge observed in Dieppe during rainy period summer of 2005. We believe these concentration levels are due to the presence of wastewater discharge. As the stormwater outlets are regularly subject to the downstream influence of the sea, this discharge tends to settle in their downstream part, where bacteria can find the right milieu to develop. The corresponding deposit areas are easily reactivated during rainy periods. Finally, despite the elements mentioned above, in Dieppe not all summer rainfall leads to the deterioration of the bathing water quality. In an area subject to a strong current, the conditions under which pollution flows are discharged into the sea constitute a decisive factor with regard to beach vulnerability.
Health risk assessment support system
As well as defining the vulnerability profile, active beach management requires:
(1) the daily determination of high-risk periods during which bacteria concentrations (E. coli and enterococcus) are likely to exceed regulatory limits; (2) the possible closing of the beach during the high-risk period and its reopening when the risk is removed. This approach was initiated on the beaches of the Dieppe Maritime Conurbation, with the completion of phase 1 in 2003 and the design of a Health Risk Assessment Support System in 2005. This system has been used by Veolia Water since the 2005 bathing periods Riou et al., 2006) .
For the design of the Health Risk Assessment Support System, a prior sensitivity analysis was required: two tidal coefficients and several wind directions and forces representative of the most common and influential weather patterns were therefore taken into account (certain wind directions have a negligible influence on circulation). These combinations are increased by factors relating to terrestrial hydrology and determining the intensity of contamination flows (rain, rainfall history). Thus, roughly one hundred reference scenarios were taken into account by the Veolia and Ifremer teams. This method has the advantage of being based on prior modelling results.
During the operation, operators only need to select the discrete values of the parameters closest to the pre-simulated scenarios; to do this, an interface is available, automatically selecting certain parameters such as the most representative tidal coefficient depending on the date. They can then access results allowing them to assess the risk of deterioration of the bathing water quality in the next few hours.
For illustration purposes, we present hereafter two increasingly complex situations: a beach subject to the influence of a predominant pollution source and a beach subject to the influence of 2 pollution sources which can act independently or concomitantly.
Beach subject to a predominant pollution source
When a beach is subject to the direct influence of a pollution source, for example a river, bacterial concentration in the river determines, along with weather and tidal conditions, the concentration on the beach. However, the bacterial load of a coastal river can vary drastically, whether from one day to the next during the bathing season or from one bathing season to the next (Figure 3) .
Widely differing values are observed. The influence of the rain preceding a dry or rainy period is difficult to detect. With regard to the variation from one bathing season to the next, 3,360 E.coli/100 ml, on average, was observed from 2003 to 2006 (N ¼ 84), 5,460 in 2003 (N ¼ 28), 2,320 in 2005 (N ¼ 19) and 2,310 in 2006 (N ¼ 37) . This led to the use of the Health Risk Assessment Support System and the current models on which it is based, with 2 objectives in mind: † to determine the high-risk periods according to weather and tidal conditions (Figure 4 ) † to assess the critical concentration in the river, under given weather and tidal conditions beyond which there is a risk of exceeding the regulatory concentrations on the beach (Table 1) .
Beach subject to the influence of 2 pollution sources
For a beach subject to several pollution sources, the use of current models enables to distinguish the impact of each source on the beach. In the example shown in Figure 5 , the beach is subject to the immediate impact of a poorly connected storm drain flowing into the beach, as well as to the successive plume backflow of a coastal river polluting the beach at high tide. Figure 4 Plume generated by the river Saâ ne at the start of a critical period (low tide þ2hr30) in dry weather (strong tidal coefficient, significant wind) On-line treatment of stormwater sewer overflows An on-line pilot designed to treat the microbiological pollution of stormwater sewer overflows was tested by Veolia UK on the Millom wastewater treatment plant site (Wales), supplied by a combined network (Sauvignet and Tisserand, 2006) . The pilot is made up of an Actiflo w (clarifier-flocculator) with a 100 l/s treatment capacity and a UV disinfecting unit. It was used for a period of 12 months, during which 89 rainfalls were sampled, under different test patterns. The average concentrations in Faecal Coliforms (FC) observed during the different treatment phases are provided hereafter ( Table 2) .
The average concentrations of Faecal Coliforms observed during rainy periods are in line with those provided in the literature in the case of a combined network. On average, the concentration in Faecal Coliforms after treatment is 3,200 cfu/100 ml. With an assumed 1 to 10 dilution of the overflow into the receiving environment (the coast in this case), the concentration levels in Faecal Coliforms coming out of the treatment system are compatible with 'bathing' usage.
It should be pointed out that this solution: † requires a significant Suspended Solids removal rate in the Actiflo w in order to guarantee sufficient UV transmittance of the wastewater; † is highly compact and does not require much space at all compared with a 'storage / reuse' solution or traditional lamellar settling: its use is therefore fully viable in an urban environment where land availability is limited (this is the case for a city centre, where a curative approach is adopted for the control of pollution during rainy periods); † is complementary to more preventative approaches aimed at controlling the pollution affecting new urban development areas during rainy periods. Figure 5 Impact example on the Puys beach (storm drain or plume backflow) 
